Spermatogonia sit in a compartment on the basal lamina of the seminiferous tubule, separated from other germ cells by Sertoli cells and from the interstitium by peritubular myoid cells. The leading model for spermatogonial development in the mammalian testis is that A single (A s ) spermatogonia at the periphery of the seminiferous tubule divide to give rise to either two spermatogonial stem cells (SSCs) or A paired (A pr ) spermatogonia connected by an intercellular bridge. The generation of two SSCs results in self-renewal of the stem cell pool, while the further divisions of A pr produce clonal chains of 4, 8, and up to 16 chains of A aligned (A al ) spermatogonia. The A al spermatogonia become A1 spermatogonia that divide (A1 to A4) to produce intermediate (In) spermatogonia, B spermatogonia, and then preleptotene spermatocytes (Fig. 1 ). Other models propose that A pr spermatogonia can split into A s to become SSCs or that A al spermatogonia can fragment to contribute to SSC self-renewal (reviewed in [1] ).
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Like stem cells in other systems, SSCs are rare members of the spermatogonial population, and there are no definitive markers for their identification. The models for spermatogonial development came initially from painstaking kinetic studies based on cell morphology and staging of the spermatogenic cycle. Later studies used [ 3 H]-thymidine to label S-phase spermatogonia to follow their kinetics and fate; more recent studies used transgenic mice expressing b-galactosidase or green fluorescent protein in spermatogonia. A key observation that helped to propel the field forward was that SSCs are not randomly distributed over the basal lamina of the seminiferous epithelium, but rather are concentrated in the areas adjacent to vascularized interstitial tissue [2, 3] . Stem cells of other tissues, such as hair follicles (reviewed in [4] ) or the intestinal epithelium (reviewed in [5] ), localize to specific regions, referred to as stem cell niches, that provide a microenvironment beneficial for stem cell self-renewal.
In this issue of Biology of Reproduction, de Rooij and van Beek [6] describe a computer model that simulates the population dynamics and interactions of SSCs and their descendants in and around the spermatogonial niche. Because other spermatogonia are present within the region of the niche, the question becomes: how are SSC daughter cells influenced to decide between becoming self-renewing SSCs or A pr spermatogonia that enter the differentiation pathway of spermatogenesis? The model assumes that the SSC niche is a subregion of the region containing A s-pr-al spermatogonia. It was constructed using data from prior morphological and robust cell kinetic studies of spermatogonia in Chinese hamster and to a lesser extent in ram and mouse. It is depicted as a virtual two-dimensional seminiferous tubule composed of 10 lm by 10 lm squares. The program allows values to be set for various parameters, including the chance of SSCs to undergo self-renewal or differentiation, permission for cells in a clone to divide, effects of A s-pr-al spermatogonial density on SSC division, the distance cells migrate apart upon division, and the percentage of A al cells that differentiate into A 1 spermatogonia (referred to as ''harvest'').
A key feature of the model is that cell density influences the chance that SSCs will leave the niche after a division and that this influences the ratio between self-renewal and differentiation. The model implies that after a self-renewing division, the daughter cells need to migrate away from each other. Previous studies indicated SSCs travel 120 to 160 lm apart and A s-pr-al clones are evenly distributed, implying that daughter cells of an SSC after a self-renewing division preferably migrate to a region when A s-pr-al clonal density is low. Because clones are evenly distributed, by varying the parameters of the model for 150 divisions, a set of conditions was determined that resulted in a steady state of SSC self-renewal and clonal numbers for 50 virtual epithelial cycles that simulate the results of prior kinetic studies. The two most important parameters predicted by the program for maintenance of stem cell numbers in the SSC niche are the size of the niche and the distance of SSCs from A s-pr-al clones. One of the surprising predictions of the program is that the number of SSCs producing progeny decreases with increasing numbers of divisions and, thus, with increasing age, sperm are derived from fewer and fewer of the original stem cells.
In addition to the frequently asked question of what are the factors that influence SSC self-renewal, the model suggests new questions. What causes SSCs to travel apart, and how do SSCs monitor A s-pr-al clonal density and migrate to a low-density area? Is this due to mechanical forces resulting from tissue constraints, or are there repelling autocrine or paracrine factors produced by SSCs and/or A spermatogonia? Does the microenvironment outside of the subregion of the niche induce SSC progeny to differentiate, or does it provide conditions that oppose selfrenewal? Most of the current work on SSCs is carried out in vitro and focuses on the growth factors produced by Sertoli cells and other cells outside of the niche, the receptors for these factors, and the downstream signaling pathway components within SSCs that respond to these factors. The computer simulation of the SSC niche by de Rooij and van Beek [6] refocuses our attention to what is occurring in vivo and should encourage investigators in the field to take a more holistic view of the conditions that influence the decision of SSCs to selfrenew or to differentiate.
